ISOLATED ALTERATIONS OF BIOCHEMICAL MARKERS OF LIVER DAMAGE in a seemingly healthy patient can present a challenge for the clinician. In this review we provide a guide to interpreting alterations to liver enzyme levels. The functional anatomy of the liver and pathophysiology of liver enzyme alteration are briefly reviewed. Using a schematic approach that classifies enzyme alterations as predominantly hepatocellular or predominantly cholestatic, we review abnormal enzymatic activity within the 2 subgroups, the most common causes of enzyme alteration and suggested initial investigations. 
A bnormal liver enzyme levels may signal liver damage or alteration in bile flow. Liver enzyme alteration may be either the accompanying biochemical picture in a patient with symptoms or signs suggestive of liver disease or an isolated, unexpected finding in a patient who has undergone a wide range of laboratory tests for a nonhepatic disease or for minor, vague complaints. The latter situation is a common clinical scenario today because of the routine incorporation of hepatic tests in automated blood chemistry panels. Isolated alterations of biochemical markers of liver damage in a seemingly healthy patient often represent a challenge even for the experienced clinician and usually set off a battery of further, costly tests 1 and consultations that may ultimately prove unnecessary. The aim of this review is to provide physicians in general practice with a guide to interpreting liver enzyme alterations.
Background
The liver is a large, complex organ that is well designed for its central role in carbohydrate, protein and fat metabolism. It is the site where waste products of metabolism are detoxified through processes such as amino acid deamination, which produces urea. In conjunction with the spleen it is involved in the destruction of spent red blood cells and the reclamation of their constituents. It is responsible for synthesizing and secreting bile and synthesizing lipoproteins and plasma proteins, including clotting factors. 2 It maintains a stable blood glucose level by taking up and storing glucose as glycogen (glycogenesis), breaking this down to glucose when needed (glycogenolysis) and forming glucose from noncarbohydrate sources such as amino acids (gluconeogenesis).
Many of these biosynthetic functions use the products of digestion. With the exception of most lipids, absorbed food products pass directly from the gut to the liver through the hepatic portal vein. At the microscopic level, the primary functional unit of the liver is the liver acinus, which is defined by the territory supplied by each terminal branch of the hepatic artery and hepatic portal vein. The portal tract forms the central axis of the acinus; hepatocytes are arranged in plates that radiate out from the portal triad. The acinus is divided into 3 zones on the basis of the distance from the supplying vessels: zone 3, for example, experiences the least oxygen perfusion and houses the most mitochondria. Bile is secreted into a network of minute bile caniculi situated between adjacent hepatocytes. 3 Liver disease is often reflected by biochemical abnormalities of 1 of 2 different hepatic systems or of liver function (Table 1) . Although tests that measure the level of serum liver enzymes are commonly referred to as liver function tests, they usually reflect hepatocyte integrity or cholestasis rather than liver function. A change in serum albumin level or prothrombin time may be associated with a decrease in liver functioning mass, although neither is specific for liver disease.
In order to accurately interpret biochemical abnormalities, it is necessary to understand how normal ranges are established and how to apply reference ranges. The performance characteristics (e.g., reproducibility, bias, total error) and reference limits for the most common liver tests have been thoroughly reviewed and guidelines established. 4, 5 An abnormal level is usually defined as a value exceeding the upper reference limit, since there is no clinical significance to the occurrence of low levels of biochemical markers, except for serum albumin. Because the reference limits for each test often vary among laboratories, specific ranges will not be provided here, in order to avoid generating confusion.
It is common practice when establishing laboratory parameters to define the "normal" range as the mean value within ± 2 standard deviations observed in the reference, "normal" population. Accordingly, as many as 2.5% of normal patients have "abnormal" aminotransferase levels. Moreover, at least 16% of patients with chronic hepatitis C infection and 13% of patients with nonalcoholic fatty liver disease have varying degrees of histological damage despite showing persistently normal aminotransferase levels. 6, 7 This apparent discrepancy may be explained by the fact that the healthy population that was recruited to establish the normal range could have included a small subset of patients with subclinical liver disease.
As well, aminotransferase levels vary according to age and sex, so care must be taken to use age-and sex-appropriate reference limits. 4, 5 The clinical context of patient presentation is also important when interpreting reference limits. Levels of both aspartate aminotransferase (AST) and alanine aminotransferase (ALT) may increase with strenuous exercise, 4, 8 and hospital admission has been observed to induce a 5% increase in AST levels (0.4%-9.6%, 95% confidence interval [CI] ) and a 17.5% increase in ALT levels (9.1%-21.6%, 95% CI) in healthy subjects; 9 restricted physical activity and hospital diet have been suggested as possible explanations for these increases.
Where, when and how: a schematic approach to liver enzyme alteration
The comprehensive evaluation of adult patients with abnormal liver enzyme levels is a multistep process. In moving through this process, the clinician can ask a series of questions categorized under where, when and how (Fig. 1 ).
Where
Alterations in liver enzyme levels that are encountered in hospital centres may vary by the geographical location of the hospital and the ethnicity of the patients. For example, about 60% of cases of elevated hepatic AST levels in Wales can be attributed to ischemic or toxic liver injury, 10 whereas orofecal transmittable hepatitis viruses are the major cause (> 60%) of sporadic acute and fulminant hepatitis in the Far East. 11 The incidence of primary biliary cirrhosis ranges from 1.9-2.2 per 100 000 in Australia to 0.34-0.42 per 100 000 in Asia, 12 and the prevalence of homozygosity for the C282Y mutation in the HFE gene can be found in about 5 per 1000 people of northern European descent 13 but 0.0001 per 100 people of African American ethnicity.
14 Physicians should be aware of the local epidemiological features of liver disease in the region where they practise in order to identify likely causes and reduce the number of unnecessary tests and the amount of time needed to make a diagnosis. Inquiry about the patient's recent travel history is also essential.
When
The timing of liver enzyme abnormalities in relation to the age of the patient, comorbid conditions and ingestion of medications provides valuable information. For example, the likelihood that the alteration is due to a disease that usually manifests early in life, such as Wilson's disease, is higher in younger patients than in elderly ones. 15 The course of all comorbid conditions must be fully explored, along with a detailed list of drugs being taken by the patient and the date they were started in relation to the onset of enzyme alterations or of signs or symptoms of disease. Almost any medication can alter liver enzyme levels. 16 Use of herbal remedies and over-the-counter preparations is often overlooked by physicians but should be carefully recorded.
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How
The pattern of liver enzyme alterations is often the first piece of evidence that catches the physician's eye. This is because common causes of liver disease have typical patterns (Fig. 2, Table 2 ); however, sometimes the details of the pattern are not fully examined. Full assessment of enzyme abnormalities involves careful evaluation of (1) the predominant pattern of enzyme alteration (hepatocellular v. cholestatic); (2) the magnitude of enzyme alteration in the case of aminotransferases (< 5 times, 5-10 times or > 10 times the upper reference limit, or mild, moderate or marked); (3) the rate of change (increase or decrease over time); and (4) the nature of the course of alteration (e.g., mild fluctuation v. progressive increase).
The most common alterations in enzyme levels encountered in clinical practice can be divided into 2 major subgroups: hepatocellular predominant and cholestatic predominant. Although certain liver diseases may display a mixed biochemical picture -usually elevated AST and ALT levels with mild abnormalities of alkaline phosphatase (ALP) and γ-glutamyl transpeptidase (GGT) levels -the ability to distinguish between the 2 subgroups is fundamental to narrowing down the differential diagnosis.
Hepatocellular predominance
Injury to the liver, whether acute or chronic, eventually results in an increase in serum concentrations of aminotransferases. AST and ALT are enzymes that catalyze the transfer of α-amino groups from aspartate and alanine to the α-keto group of ketoglutaric acid to generate oxalacetic and pyruvic acids respectively, which are important contributors to the citric acid cycle. Both enzymes require pyridoxal-5'-phosphate (vitamin B 6 ) in order to carry out this reaction, although the effect of pyridoxal-5'-phosphate deficiency is greater on ALT activity than on that of AST. 4, 18 This has clinical relevance in patients with alcoholic liver disease, in whom pyridoxal-5'-phosphate deficiency may decrease ALT serum activity and contribute to the increase in the AST/ALT ratio that is observed in these patients. 19, 20 Both aminotransferases are highly concentrated in the liver. AST is also diffusely represented in the heart, skeletal muscle, kidneys, brain and red blood cells, and ALT has low concentrations in skeletal muscle and kidney; 21 an increase in ALT serum levels is, therefore, more specific for liver damage. In the liver, ALT is localized solely in the cellular cytoplasm, whereas AST is both cytosolic (20% of total activity) and mitochondrial (80% of total activity). 22 Zone 3 of the hepatic acinus has a higher concentration of AST, and damage to this zone, whether ischemic or toxic, may result in greater alteration to AST levels. Aminotransferase clearance is carried out within the liver by sinusoidal cells. 23 The half-life in the circulation is about 47 hours for ALT, about 17 hours for total AST and, on average, 87 hours for mitochondrial AST. 4 The magnitude of aminotransferase alteration can be classified as "mild" (< 5 times the upper reference limit), "moderate" (5-10 times the upper reference limit) or "marked" (> 10 times the upper reference limit). This classification is somewhat arbitrary, since no uniform definition exists and various reviews of the subject use different cut-off points. 1, 24, 25 Marked and moderate increases are discussed together because the clinical distinction between them is especially grey.
Marked and moderate aminotransferase increase
Patients with a marked increase in aminotransferase levels (> 10 times the upper reference limit) typically have acute hepatic injury. However, data from a series of patients with acute hepatic injury due to viral hepatitis sug- gest that the most sensitive and specific aminotransferase threshold level to identify acute injury lies within the moderate range of increase (5-10 times the upper reference limit, at 200 IU/L for AST [sensitivity 91%, specificity 95%] and 300 IU/L for ALT [sensitivity 96%, specificity 94%]). 26 Thus, the academic attribution of cause and "severity" of acute damage on the basis of the magnitude of enzyme elevation may sometimes be misleading, since there can be grey areas in which a range of causes overlap (Fig. 2) . Moreover, the degree of elevation varies during the course of injury and depends on when the enzyme levels were tested (Fig. 3) .
Despite these ambiguities, the magnitude and rate of change of aminotransferase alteration may provide initial insight into a differential diagnosis. Very high aminotransferase levels (> 75 times the upper reference limit) indicate ischemic or toxic liver injury in more than 90% of cases of acute hepatic injury, whereas they are less commonly observed with acute viral hepatitis. 4 In ischemic or toxic liver injury, AST levels usually peak before those of ALT because of the enzyme's peculiar intralobular distribution. [27] [28] [29] Zone 3 of the acinus is more vulnerable to both hypoxic (hepatocytes are exposed to an already oxygen-poor milieu) and toxic (hepatocytes are richer in microsomal enzymes) damage. Furthermore, in ischemic injury aminotransferase levels tend to decrease rapidly after peaking (Fig. 3 ). In about 80% of patients with ischemic injury, the serum bilirubin level is lower than 34 µmol/L, and lactate dehydrogenase (LDH), a marker of ischemic damage, may reach very high concentrations (ALT/LDH ratio < 1). [28] [29] [30] It is important to stress that a decrease in aminotransferase levels alone after a marked increase does not have prognostic meaning, since both resolution and massive hepatic necrosis may draw a similar biochemical picture. In this setting, patients with high bilirubin serum levels and prolonged prothrombin time should be closely monitored for the risk of hepatic failure.
In cases of acute viral hepatitis, aminotransferase levels usually peak before jaundice appears and have a more gradual decrease thereafter, and there is a greater increase in serum bilirubin levels (Fig. 3) . 31 Jaundice occurs in about 70% of cases of acute hepatitis A infection, 33%-50% of cases of acute hepatitis B infection and 20%-33% of cases of acute hepatitis C infection. 5 LDH concentration is altered in about 50% of the patients, with values typically only slightly above the reference limit. 28, 29 The entire alphabet of viral hepatitis (A, B, C, D and E) may be responsible for a marked increase in aminotransferase levels, although the increase associated with hepatitis C infection tends to be more modest than that associated with hepatitis A or B. 32 Patients with acute viral hepatitis may lack a history of exposure to risk factors and may have nonspecific (fatigue, arthralgias, low-grade fever) or specific (jaundice) symptoms of liver disease; the diagnosis may be made following routine analysis with asymptomatic hypertransaminasemia. The presence of symptoms is more common in patients with acute hepatitis A (70%-80% of infected adults) or B (30%-50% of infected adults) infection than in patients with acute hepatitis C (20% of patients) infection. 5, 33 Obviously, the presence of risk factors such as travel to areas endemic for viral hepatitis or parenteral exposure may help identify the cause and should drive the subsequent investigation. Patients with suspected acute viral hepatitis should be tested for IgM antibodies to hepatitis A and hepatitus B core virus, hepatitis B surface antigens and hepatitis C virus (HCV) antibodies. Testing for hepatitis D infection should be limited to patients with evidence of hepatitis B surface antigens. If test results for HCV antibodies are negative and there is no evidence of acute hepatitis A or B infection, testing for HCV RNA may be a useful strategy since a recent study has demonstrated that, although these patients are rarely at risk of acute liver failure, they may benefit from early antiviral treatment. Ischemic and hypoxic acute liver damage is more likely in patients with concomitant clinical conditions such as sepsis or low-flow hemodynamic state. 10, 28, 30 Careful investigation of the patient's pharmacologic history is essential in order to identify medications and herbal products associated with hepatotoxicity. 16, 17, 35 Acetaminophen-induced hepatic damage causes 54% and 16% of the cases of acute liver failure in the United Kingdom and United States respectively. 36 Although ischemic damage can be suspected on a clinical basis alone, and the patient history may suggest drug-or toxin-induced liver damage, there are no specific serologic tests for either condition, except in the case of acetaminophen poisoning, in which plasma acetaminophen levels may also represent a helpful guide to therapy. 37 Alcohol-induced acute hepatic damage represents a distinct situation. It can be encountered in clinical practice both as acute and as acute-on-chronic liver injury. The biochemical picture is characteristic (e.g., GGT/ALP ratio > 2.5; jaundice may occur in more than 60% of patients 38, 39 ). In a landmark study by Cohen and Kaplan, the increase in AST levels was less than 6-7 times the upper reference value in 98% of the patients with alcoholic liver disease, and the AST/ALT ratio was greater than 1 in 92% and greater than 2 in 70% of the patients. 19 The presence of physical signs of chronic liver disease and the patient's history may help distinguish between acute and acute-onchronic damage.
After the most common causes of acute liver injury have been excluded, consideration should be given to minor hepatitis viruses (e.g., Epstein-Barr virus, cytomegalovirus) and to autoimmune, extrahepatic and congenital causes. 1, 15, 24, 25 Autoimmune hepatitis may present with a mild increase in aminotransferase levels or with a moderate to marked increase in aminotransferase levels (up to 49% of patients) with jaundice. 40, 41, 42 This diagnosis is further discussed in the next section. Finally, as many as 25% of the patients with AST levels greater than 10 times the upper reference limit may have acute extrahepatic biliary tract obstruction, which can be heralded by a peak in aminotransferase levels (> 50 times the upper reference value in 1%-2% of patients) that rapidly subsides once the obstruction has been removed. 5, 43, 44, 45 The patient's history, presence of symptoms such as biliary pain and the ultrasound evidence of dilated bile ducts can provide a definitive diagnosis.
Mild increase in aminotransferase levels
A minimal or mild increase in aminotransferase level is the most common biochemical alteration encountered in everyday clinical practice. In addition to considering the when and where of the alterations, there is a series of firstline tests that can be performed on all patients because of their clinical relevance and the high prevalence of the diseases screened by these tests (Fig. 4) . Extrahepatic causes of aminotransferase alteration (especially in patients with isolated AST elevation) should be ruled out by considering the clinical context of enzyme abnormality. Although some reviews dealing with liver enzyme alteration suggest repeating tests as a first measure in order to rule out laboratory error, we do not feel that a second, normal result is enough to exclude the presence of disease, and we recommend that a first-line, clinically guided screening for the most prevalent causes of chronic liver disease be started together with repetition of the test (Fig. 4) . In fact, chronic hepatitis C infection is characterized by a pattern of aminotransferase levels fluctuating around the upper reference value. For patients who are taking drugs known to cause liver injury or who have evidence of alcohol abuse, a second, confirmatory check of aminotransferase levels after alcohol or the medication has been stopped can be a suitable option; patients who have evidence of alcohol abuse also need to be carefully assessed for the risk of underlying chronic damage.
As in the case of acute damage, the pharmacologic history of the patient is of particular importance. All nonessential and over-the-counter medications should be discontinued, and discontinuation of an essential medication should be considered in a risk-benefit perspective. The use of dedicated scales or scores may help the clinician assess the likelihood of the hepatic drug reaction. 46, 47 Liver biopsy may represent a suitable diagnostic option in particular cases.
Nonalcoholic fatty liver disease is the most common cause of mild alteration of liver enzyme levels in the western world, and, according to the National Health and Nutritional Survey, point-prevalence is about 23% among American adults. 48 The biochemical picture includes mildly raised aminotransferase levels, and GGT levels can be elevated up to 3 times the upper reference value in nearly half of patients in the absence of ethanol consumption. 49 As with chronic viral hepatitis, an AST/ALT ratio greater than 1, which is observed in 61% of patients with advanced fibrosis and 24% of patients with no or initial fibrosis, is highly suggestive of advanced liver disease. 50 Suspicion of nonalcoholic fatty liver disease is increased by the presence of conditions linked to the metabolic syndrome and insulin resistance (increased body mass index, diabetes, hyperlipemia, hypertension), although the disease may occur in patients without these associated factors. 48, 49 The diagnostic approach to suspected nonalcoholic fatty liver disease is aimed at ruling out other causes of liver disease since there is no specific blood test for diagnosis. Distinguishing between simple steatosis with or without minimal inflammation and nonalcoholic steatohepatitis with fibrosis with confidence is not possible on clinical grounds alone, and therefore liver biopsy should be performed in order to confirm diagnosis and assess prognosis. 7, 48, 49, 51 All patients presenting with mild increases in aminotransferase levels should be questioned about risk factors for hepatitis B or C infection (intravenous drug use, exposure to nonsterile needles or sexual exposure to an infected person). However, since these 2 diseases have a high preva-lence worldwide 52, 53 and infected people may lack or underreport specific risk factors for infection, 54, 55 testing for HCV antibodies and hepatitis B surface antigens is advisable for all patients presenting with a mild increase in aminotransferase levels. If the patient tests positive for HCV antibodies, then qualitative HCV RNA testing should follow. In subjects who are seropositive for hepatitis B, the successive diagnostic work-up may depend upon the clinical situation (e.g., e-minus v. wild-type strands). It is important to emphasize that the degree of aminotransferase alteration is a poor guide to the severity of the disease in patients with established chronic viral hepatitis (Fig. 2) , unless an AST/ALT ratio greater than 1 is found. [56] [57] [58] [59] An AST/ALT ratio greater than 1 can be found in 4% of patients with chronic hepatitis C infection and in 79% of patients who also have liver cirrhosis. 57 Among patients with cirrhosis of viral cause, an AST/ALT ratio greater than 1.17 was found to prognosticate 1-year survival with 87% sensitivity (69%-96%, 95% CI) and 52% specificity (40%-64%, 95% CI). 59 Patients may benefit from ultrasound examination of the liver in order to evaluate the presence of signs of advanced disease or liver masses. In patients with viral hepatitis, liver biopsy is needed to assess progression, evaluate the need for therapy and establish a prognosis.
HFE-related hereditary hemochromatosis is a fairly common autosomal recessive condition (homozygote frequency 1:200-1:400) 13 that is characterized by pathological deposition of iron in the liver, pancreas and heart. Serum ferritin, iron and transferrin saturation index (serum iron/total iron binding capacity) should routinely be measured in patients with altered aminotransferase levels. 60 High ferritin levels and, most importantly, a transferrin saturation index greater than 45% are strongly suggestive of the disease. 60 The presence of diabetes, heart disease or arthritis is also suggestive, and mutation analysis for the HFE gene may confirm the diagnosis, especially if the patient is of northern European descent. 13 Nevertheless, other, rarer forms of non-HFE-related hereditary hemochromatosis are being characterized more frequently, and liver biopsy remains a fundamental diagnostic tool in the presence of strong clinical suspicion and a negative result for HFE gene mutation analysis. 60 The presence of a mild elevation in aminotransferase levels in female patients with concomitant autoimmune disorders (e.g., autoimmune thyroiditis, connective tissue diseases) is suggestive of autoimmune hepatitis. The prevalence of the disease is about 1:6000 to 1:7000, and as many as 80% of patients may have hypergammaglobulinemia even in the absence of liver cirrhosis. 40, 61 Patients with suspected autoimmune hepatitis should have autoantibodies tested (antinuclear, anti-smooth muscle and anti-liverkidney microsomes), although the criteria for diagnosis are complex and include liver biopsy. 40, 42, 61 Patients may have a dramatic therapeutic response to corticosteroids, but the course of the disease may be long and can fluctuate between phases of remission and relapses that may mimic acute hepatitis. 40, 42, 61 Wilson's disease (homozygote frequency 1:30 000-1:300 000) should be suspected in young patients with signs of hemolysis or concomitant psychiatric or neurologic symptoms, and serum ceruloplasmin levels and copper metabolism (serum and 24-hour urinary copper) should be tested. Diagnosis in patients showing low serum ceruloplasmin levels and increased urinary copper excretion can be confirmed by slit-lamp examination for Kayser-Fleischer rings, although liver biopsy with quantitative copper measurement may be needed where no clear clinical diagnosis is possible. 15, 45 Although α-1-antitripsin deficiency is not a rare disease, affecting 1:1600-1:2800 newborns in Europe and the United States, it is an unusual cause of aminotransferase alteration among adults since the disease is usually identified in childhood. 62 It can be suspected in adult patients with concomitant pulmonary disease (emphysema), although low serum α-1-antitripsin levels and phenotype determination provide definite diagnosis. 62 Finally, it has been reported that up to 10% of patients with unexplained hypertransaminasemia actually have celiac disease, and minimal or mild alteration of aminotransferase levels may be the only visible part of the "celiac iceberg." 63 In these patients, screening by measuring tissue transglutaminase antibodies and confirmation and grading of the disease by small bowel biopsy are required for diagnosis. 64 
Cholestatic predominance
Presentation of liver injury with a prevalent cholestatic pattern is less frequently encountered in clinical practice than the pattern of hepatocellular damage. ALP and bilirubin levels are routinely assessed, and the level of GGT is often measured as an additional aid toward diagnosis in particular situations because of its high sensitivity but low specificity.
Alkaline phosphatase
ALP is an enzyme that transports metabolites across cell membranes. Liver and bone diseases are the most common causes of pathological elevation of ALP levels, although ALP may originate from other tissue, such as the placenta, kidneys or intestines, or from leukocytes. 65 The third trimester of pregnancy (placenta origin) and adolescence (bone origin) are associated with an isolated increase in serum ALP levels. 4 Hepatic ALP is present on the surface of bile duct epithelia. Cholestasis enhances the synthesis and release of ALP, and accumulating bile salts increase its release from the cell surface.
66,67 ALP half-life in the circulation is about 1 week. 4 These characteristics explain why ALP levels usually rise late in bile duct obstruction and decrease slowly after resolution.
In some patients (e.g., pregnant women, adolescents) the reason for increased ALP levels may be straightforward, but in other patients it is necessary to identify the origin of the enzyme. This task can be accomplished in 2 ways: assessment of GGT levels or dosage of ALP isoenzymes (Fig.  5) . From a practical point of view, measurement of GGT is preferred since it relies on automated analysis rather than on more sophisticated and expensive techniques.
The degree and rate of enzyme alteration may provide minor and nonspecific clues to diagnosis, but the presence of symptoms and the patient's history, with particular emphasis on comorbid conditions, may provide fundamental clues (Fig. 5) . Liver ultrasound may reveal the presence of bile duct dilation, demonstrate signs of chronic liver disease or even liver cirrhosis, and identify hepatic masses.
Drug-induced liver injury may present with a cholestatic pattern (preferential increase in ALP or ALT/ALP ratio < 2), although the degree of ALP alteration is variable and may be accompanied by hyperbilirubinemia. 68 Commonly used drugs such as antihypertensives (e.g., angiotensinconverting enzyme inhibitors) or hormones (e.g., estrogen) may cause cholestasis and can be overlooked. Liver ultrasound in these patients is often unremarkable.
Varying degrees of ALP alteration in patients with inflammatory bowel disease (most commonly ulcerative colitis) suggest the presence of primary sclerosing cholangitis, since about 70% of these cases are associated with inflammatory bowel disease. 69 The same biochemical abnormality observed in middle-aged women with a history of itching and autoimmune disease raises the suspicion of primary biliary cirrhosis. 70 Further diagnostic work-up of patients with suspected autoimmune cholestatic liver disease includes testing antineutrophil cytoplasmic antibodies and cholangiography for primary sclerosing cholangitis and antimitochondria antibodies and total IgM levels for primary biliary cirrhosis. In these diseases, ALP and GGT levels may be slightly or markedly raised, whereas aminotransferase levels are often minimally altered or within the upper reference limit, unless overlapping features of autoimmune cholestatic diseases and autoimmune hepatitis occur. 71 In patients with primary sclerosing cholangitis or primary biliary cirrhosis, serum bilirubin levels have prognostic meaning, 72, 73 and liver ultrasound may reveal an echotexture suggestive of diffuse disease or even liver cirrhosis (Fig. 5) .
ALP alteration due to common bile duct obstruction may be heralded by a peak in aminotransferase levels, typical symptoms and conjugated hyperbilirubinemia, especially in the acute setting, or the ALP levels may have a fluctuating pattern (± GGT alteration) with normal serum bilirubin in "valve" choledocholithiasis. 43, 44 In these patients, liver ultrasound may show dilated bile ducts, and endoscopic retrograde cholangiopancreatography can be used to remove the obstacle.
Abnormal ALP levels may also be a sign of metastatic cancer of the liver, lymphoma or infiltrative diseases such as sarcoidosis. In some of these situations ALP levels may be markedly elevated and the only sign of liver involvement. In these cases, liver ultrasound examination is extremely important when the patient history is not suggestive of disease, although some patients may require liver biopsy in order to obtain a definitive diagnosis. 24, 25 The clinical work-up described in Fig. 5 should help to establish a diagnosis in the majority of patients with elevated ALP levels. The degree of elevation seems to have no specific diagnostic relevance. Nevertheless, diagnosis may not be evident even after thorough evaluation in asymptomatic patients with mild increases in ALP levels. As mentioned above, liver biopsy can provide a fundamental clue to some unusual and unsuspected diagnoses.
An approach to liver enzyme alteration 
γ-Glutamyl transpeptidase
GGT is an enzyme that is present in hepatocytes and biliary epithelial cells, renal tubules, and the pancreas and intestine. The mechanisms of alteration are similar to those described for alkaline phosphatase. GGT is a microsomal enzyme, and its activity can be induced by several drugs, such as anticonvulsants and oral contraceptives. 74 Elevated GGT levels can be observed in a variety of nonhepatic diseases, including chronic obstructive pulmonary disease and renal failure, and may be present for weeks after acute myocardial infarction. Increased serum levels observed in alcoholic liver disease can be the result of enzyme induction and decreased clearance. In these patients, GGT serum levels can be markedly altered (> 10 times the upper reference value), whereas ALP levels may be normal or only slightly altered (GGT/ALP ratio > 2.5). The whole spectrum of liver diseases, regardless of cause, may be responsible for altered GGT serum levels. In particular, GGT levels may be 2-3 times greater than the upper reference value in more than 50% of the patients with nonalcoholic fatty liver disease and above the upper reference value in about 30% of patients with chronic hepatitis C infection. 75, 76 Furthermore, an increase in GGT levels in patients with chronic liver disease is associated with bile duct damage and fibrosis. 76 Thus, because of its lack of specificity but high sensitivity for liver disease, GGT can be useful for identifying causes of altered ALP levels, or elevated levels, together with other biochemical abnormalities (AST/ALT ratio > 2), 19 may support the diagnosis of alcoholic liver disease.
Bilirubin
Bilirubin is the product of hemoglobin catabolism within the reticuloendothelial system. Heme breakdown determines the formation of unconjugated bilirubin, which is then transported to the liver. In the liver, UDP-glucuronyltransferase conjugates the water-insoluble unconjugated bilirubin to glucuronic acid, and conjugated bilirubin is then excreted into the bile. 77, 78 Unconjugated bilirubin may increase because of augmented bilirubin production or decreased hepatic uptake or conjugation or both (Table 3 ). In adults, the most common conditions associated with unconjugated hyperbilirubinemia are hemolysis and Gilbert's syndrome. 78 Hemolysis can be ruled out by measuring hemoglobin serum levels, reticulocyte count, and haptoglobin levels. Gilbert's syndrome is determined by a variety of genetic defects in UDP-glucuronyltransferase that affect about 5% of the population. 79 In these subjects serum indirect bilirubin usually does not exceed 68 µmol/L, and the remainder of liver chemistry tests and liver ultrasound are unremarkable. 80 Although a series of tests has been proposed to confirm the diagnosis, this condition is usually diagnosed on a clinical basis alone, and the patient should be reassured of the benign nature of this enzymatic alteration. 80 Other, less frequent causes of unconjugated hy- Note: CK = creatine kinase, PSC = primary sclerosing cholangitis, PBC = primary biliary cirrhosis, IBD = inflammatory bowel disease, GGT = γ-glutamyl-transpeptidase, OLT = orthotopic liver transplantation.
perbilirubinemia include reabsorption of large hematomas and ineffective erythropoiesis. 24 In healthy people, conjugated bilirubin is virtually absent from serum mainly because of the rapid process of bile secretion.
1 Levels increase when the liver has lost at least half of its excretory capacity. Therefore, the presence of increased conjugated bilirubin is usually a sign of liver disease. Conjugated hyperbilirubinemia (usually < 34 µmol/L) and concomitant, markedly elevated aminotransferase levels may suggest acute viral hepatitis or toxic or ischemic liver injury. Furthermore, this biochemical picture can be the presenting feature of autoimmune hepatitis. [40] [41] [42] On the other hand, a purely cholestatic picture, with conjugated hyperbilirubinemia, an increase in ALP levels and a negligible increase in aminotransferase levels, may be present in cholestatic drug reactions. 16, 68 Sometimes, the same biochemical picture may be present in the late presentation of previously unrecognized autoimmune cholestatic diseases (primary biliary cirrhosis, primary sclerosing cholangitis). In these patients, the presence of other signs of chronic liver disease may facilitate diagnosis. 62, 69, 70 Biliary obstruction can cause various degrees of conjugated hyperbilirubinemia. The severity of alteration depends upon the degree and duraction of obstruction and the functional reserve of the liver. Biliary obstruction may have an abrupt onset and be preceded by typical symptoms (right upper quadrant pain, nausea) or may be silent and progressive. With the presence or absence of concomitant aminotransferase alteration, a liver ultrasound is essential to identify and locate the obstacle to bile flow.
Once the causal condition of conjugated hyperbilirubinemia has resolved, whatever the cause, bilirubin serum levels decrease in a bimodal fashion. There is a first, rapid decrease and then a later, slower decrease caused by the binding of bilirubin to albumin and the formation of a complex (δ-bilirubin) that has the same half-life as serum albumin. 77, 78, 81 Albumin and prothrombin time assessment: Are we really testing liver function?
Determining serum albumin levels and assessing prothrombin time are often considered "tests of liver function." This is mainly because hepatic synthesis of albumin tends to decrease in end-stage liver disease, and an increase in prothrombin time depends on the decreased synthesis of liver-derived coagulation factors. In fact, albumin is produced by hepatocytes, and prothrombin time depends on the activity of clotting factors I, II, V, VII and X, which are produced in the liver. However, neither test is specific for liver disease, since albumin serum levels may decrease in patients with nephrotic syndrome, malabsorption or protein-losing enteropathy, or malnutrition, and prothrombin time may be prolonged by warfarin treatment, deficiency in vitamin K (which is needed to activate clotting factors II, VII and X) and consumptive coagulopathy. 1, 4, 5, 82 The finding of hypoalbuminemia and no other alterations in liver tests virtually rules out the hepatic origin of this abnormality.
However, when it is certain that the cause of their alteration is liver disease, serum albumin levels and prothrombin time are useful tests for monitoring liver synthetic activity. The half-life of albumin in circulation is long (about 20 days), and the half-life of blood clotting factors is quite short (about 1 day) . 4, 5, 82 Thus, albumin levels decrease when cirrhosis occurs, and they have prognostic meaning in these patients. On the contrary, patients with acute, massive hepatocellular necrosis (acute toxic or viral hepatitis) may have a brisk increase in prothrombin time (usually < 3 seconds) that tends to plateau, and normal albuminemia. In these patients, prothrombin time can be monitored in order to assess the risk of acute liver failure. On the other hand, prothrombin time is not useful for assessing liver function in patients with mild aminotransferase alteration, since prothrombin time can remain within normal limits for long periods unless a marked decrease in liver function occurs and patients with compensated liver cirrhosis may have normal prothrombin time. 81 Thus, it is evident from these data that albumin and prothrombin time alteration should be interpreted within the clinical and biochemical context of the patient.
Obstructive jaundice may decrease the absorption of vitamin K, and therefore increase prothrombin time. In this situation, prothrombin time responds to parenteral administration of vitamin K, which is ineffective when jaundice is caused by decreased liver functioning mass. Finally, prothrombin time values are strictly dependent upon the International Sensitivity Index of the reagent that is used, and this does not allow for easy standardization of results among laboratories. 4, 5 Taking these limitations into account, both serum albumin and prothrombin time can be considered useful tools, alone or combined in clinical scores, for evaluating liver function. [83] [84] [85] [86] Nevertheless, tests that involve administering exogenous compounds may be used to evaluate liver function more accurately. 87 
Conclusions
Alterations in liver enzyme levels are one of the most common problems encountered in everyday clinical practice. Finding the way through the multiple diagnostic pathways can challenge even the experienced clinician. Knowledge of the pathophysiology of liver enzymes is an essential guide to understanding their alteration. The pattern of enzyme abnormality, interpreted in the context of the patient's characteristics, can aid in directing the subsequent diagnostic work-up. Awareness of the prevalence of determined liver disease in specific populations and of possible hepatic involvement during systemic illnesses or drug therapies may help the clinician identify the cause of alterations efficiently.
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